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FOKEfTGBB 


Defoliation  and  desiccation  e3q>«ria0nts  were  conducted  during  1956 
and  1357  under  Project  Nuodser  4-11-01-004. 

Estinates  of  area  coverage  and  of  casualty  effects  in  this  report  do 
not  represent  the  official  Cheitical  Coirps  position  at  this  tiae.  Bather, 
they  will  serve  as  the  basis  for  subsequent  approved  estiaates  prepared 
and  issued  by  the  Office  of  the  Chief  Cheaical  Officer, 
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ABSTRACT 


In  1956  and  1957,  577  cheaicals  were  screened  for  the  best  available  de¬ 
foliants,  desiccants,  and  vegetation  control  agents.  Knvironaental  con^ 
ditions,  spray  techniques,  and  formulations  which  increase  the  effectiveness 
of  defoliants  and  desiccants  are  discussed.  2-Butyne-l,  4-diol  and  tributyl 
phosphate  were  the  most  effective  defoliant  and  desiccant  of  those  tested. 
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DIGEST  .  ^ 


4/ 

^  Five  hundred  and  seventy-seven  cheiaicals  selected  from  data  of  pre¬ 
vious  tr-i  «8pi-ayfti4  Ar>  t«>»t  pi«wt<  during  a  Screening 

pno^an  for  defoliants,  desiccants,  and  vegetation  controls.  Eighty-nine 
caLUsed  20  went  or  more  defoliation  or  injury  on  at  least  one  plant 
species. 

Tests  of  spray  coverage,  droplet  size,  and  droplet  placeaent  revealed 
that  (a)  droplets  that  cover  an  entire  leaf  will  defoliate  that  leaf but 
good  coverage  on  the  proximal  half  is  often  sufficient;  (b)  defoliants 
sprayed  on  the  undersurfaces  of  leaves  cause  more  defoliation  than  when 
sprayed  on  the  upper  surfaces;  (c)  a  spray  of  Saall  droplets  is  aore  ef¬ 
fective  than  one  of  large  droplets;  (d)  drops  placed  on  the  midpoint  of 
bean  leaf  petioles  defoliated  only  the  leaf  blade  attached  to  the  treated 
petiole;  and  (e)  droplets  placed  on  stems  of  woody  plants  defoliated  all 
leaves  terminal  to  the  point  of  application.'^ 

In  several  field  teats,  butyipdiol,  Endotjpal,  Fd 
if,  N-dii^dpropyl  4hosphinic  anide  (an  defoli 
woodyyd^cies  in  6,  7.3,  8.1,*  nnd  S.sjdays, 

Hat^  entire  treM.  Bac^  time  butynediol 
tlJn^  Endothal  was\the  a^xt  most  effec 


te^*  brand 
tipective 
led  the  mo! 


P-jdlbtityl- 
iffereM 
defo-  I 
defolia*-^ 


The  influenpdof  te^ierature  and  humid^f^  ^pon  the  effect  ire  6£ 
btitynedlol  omi^oody  pli|sts  was  studied- v^Mr  controlled  envir oriental  Con¬ 
ditions  ^.xTn  general,  tm  combinatlen  pf  a  continuous  moderaj^  teqperavure 
and  Mgn  humidity  induced  the  f^mfes^rate  of  defoliation  ai(d  a  continuCiis 
lov^Xe^>erature  and  hign  humijH^ty  y^wed  the  least  dpfoUi^^on. 

Fortyt^four  organic  phoaph^tM,  phosphinic  amides,  oil  sol^Cde  suiRfac- 
t:ants,  athd  solvent  oils  wex^teited  during  a  seconda^  screelCing  prc 
end  -thd  chemicals  with  a  bdtyl^phosphorua  linkage  were  the^most  effective 
deslcnnts.  Trtbutyl  rpnspt^e ,  butyl  dibutyl  phosphoniymcid,  dibutyf 
hutyy  phosphinid  aci^^and  P-dibutyl-N,  N-dilsopropyy'phospMaic  dmde 
cau^d  severe  dfsi^ation  ^  the  shortest  dime.  IfesiccCnt  activity  w^ 
hiidh  in  otrisr  m|j;idrials,  hpt  it  was  slower  in  action. 

Studies  9^  tegetatio/  control  were  caxTied  out  p^^vioualy  with  fCrmu- 
X|(tlons  si«€lar  to  TKL.  / Complete  kills  or  nearly  cC^lete  control  oi 
rosrth  f  ed  at  least  twop  to  three  months  were  achie^d  in  both  greenhol4m^ 
(nd  field  tests  with  s4veral  compounds. 


^  Compounds  showing  the  highest  conifer  defoliation  and  desiccation  ac- 
-tivity  were  pentachlorophenol,  tribuiyl  phosphate,  a,3,5,6-tetrsffeloro- 
iMnsoic  acid,  2,3,6-trichlorobensoic  acid,  and  commarcial  formulationa  con- 
laiziing  thaae  compounds.  The  greatest  amount  of  injury  from  all  treatments 
occurred  during  the  warmer  months.  . 
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I.  TOTRODDCTIW 


In  1956  and  1957  defoliation  and  desiccation  e^qperiiaents  were  carried 
out  at  Fort  Detrick  and  Carj^  Ritchie,  Maryland  to  (a)  select  and  develop 
chemicals  capable  of  defoliating  or  desiccating  woody  plants  within  the 
conditions  and  tiiae  requirements  established  by  the  Continental  Arwy  Com¬ 
mand  and  (b)  facilitate  future  research  on  defoliation  by  providing  data 
on  experimental  techniques. 

In  the  experiments,  plants  and  environmental  conditions  representing 
various  parts  of  the  world  were  utilized  to  provide  a  better  understanding 
of  plant  response  to  defoliants  and  desiccants  under  a  vide  variety  of  con¬ 
ditions  . 
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H.  STUDHS  KITH  HERBACF^IS  PLANTS  AND  DECIDUOUS  WOODY  PLANTS 


A.  SCSEENING  OF  CHEMICALS 
1.  Primary  Screening 

a.  Confounds 

Five  hundred  and  seventy-seven  compounds  used  in  primary  screen¬ 
ing  for  defoliants  irere  selected  from  a  group  vhich  (a)  exhibited  contain 
attributes  in  the  primary  anticrop  screening  tests,  amd  (b)  were  structur¬ 
ally  similar  to  known  defoliants  and  desiccants,  or  were  considered  poten¬ 
tially  active  cor45)ounds. 

b.  Techiiiques 

Seventy-seven  and  one-half  milligrams  of  each  compound  were 
weighed  on  a  Holler-Smith  balance  and  disiolved  or  dispersed  in  five  milli¬ 
liters  of  a  suitable  solvent  containing  0.5  per  cent  Tween  20,  a  surfactant. 
In  order  of  preference,  the  following  solvents  were  used;  distilled  water, 
ethyl  alcohol,  acetone,  ethyl  cellosolve,  and  mixtures  of  those  solvents. 
Relatively  insoluble  cos^ounda  were  sprayed  as  suspensions.  Using  a  glass 
atomixer  or  a  Derilbiss  spray  nozzle  No.  275,  the  compounds  were  sprayed 
at  five  pounds  per  acre  on  four  test  plants  which  were  selsicted  from  the 
greenhouse  and  arranged  within  an  area  of  one-sixth  square  yard.  Control 
plants  were  included  with  each  group  of  test  plants,  and  were  sprayed  with 
distilled  water  containing  0.5  per  cent  Tween  20;  then  all  plants  were  re¬ 
turned  to  the  greenhouse. 

c.  Plant  Materials 

Two  Black  Talentine  bean  plants,  one  Litustrum  asmreiUMi  fJkmt 
River  south  privet),  one  Ulmus  chiTwinsis  (Chinese  elm j »  and  one  Nreslda 
aculeate  (Pereskia  included  in  later  tests  only)  were  treated*  iAm'  mim 
plants,  grown  in  one-quart  plastic  containers,  were  10  to  12  days  nld  fiMi 
had  one  fully  expanded  trifoliate  leaf  when  they  were  treated*  flis  iNNd|f 
species,  planted  in  quarter-gallon  glased  crcNcks,  varied  in  age^  twl  tiny 
were  chosen  for  unifom  size  and  for  mature  and  iaHitmra  lamwea* 

d.  Method  of  teccHTdifig  Data 

Data  on  plant  resporne  were  recordad  m  aardn*  UdeirtmtSem 

^I2di  di hI 

m'mM.w  MMW  linCl  im  WHIf  Wrof  9mm  IkfinPp  w^Plilw 

Data  racordad  st  the  tSbmm  intaraaln  were  griniiH  |aie  Ihrea  tlanaea^  fal 
per  ceat  inlwry  (inciwtdini  aanlait  id|wyi  naarenln,  awl  AsataaalMli  til 
per  cent  ^nbaais£it>t|  and  (<|  eUnr  efl\Mtti*  9m  idtler  atani  iMlminl 
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chlorosis  (Ch),  curvature  (E),  leaf  curvature  (Le),  formative  effects- (F), 
killing  (K) ,  stunting  (S) ,  terminal  bud  killing  (TK) ,  wilting  (¥) ,  and 
galling  (G) .  Numerical  ratings  of  one  to  four  were  assigned  to  each  of  the 
above  lettered  responses  to  denote  the  degree  of  severity;  (1)  very  slight, 
(2)  slight,  (3)  moderate,  and  (4)  severe.  A  rating  of  S-3  indicates  moder¬ 
ate  stunting.  A  second  rating  was  used  to  denote  defoliation  as  follows: 


0.  No  defoliation 

1.  1  to  19  per  cent 

2.  20  to  49  per  cent 

3.  50  to  74  per  cent 

4.  75  to  100  per  cent 


e.  Results  of  Tests 

Eighty-nine  of  the  577  con5)ounds  screened  caused  20  per  cent  or 
more  injxuy  and/or  defoliation  on  at  least  one  of  the  three  woody  species 
used  as  test  plants.  The  89  conpounds  are  listed  in  Tables  I  and  II,  Sev¬ 
eral  of  these  active  coapounds  were  tested  in  secondary  screening  trials, 

2.  Micro*  Screening 

Rhen  insufficient  chemical  was  available  for  spraying,  it  was  mixed 
writh  lanolin  and  four  per  cent  Tween  20  and  applied  as  a  smear  to  stems  or 
leaves  of  Black  Talentine  beans,  privet,  and  elm.  Eighty- two  chemicals 
were  tested  in  this  manner, 

Sndothal  and  butynediol  used  as  standards  caused  defoliation,  but 
72  compounds  tested  on  bean  and  10  tested  on  elm  and  privet  caused  no  de¬ 
foliation. 
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TABLE  I.  COMPOU^^)S  ACTIVE  IN  PRIMARY  SCREENIN&  TESTS  CAUSING  20  PER  CENT 

OR  MORE  DEFOLIATION 


NDMBOt 

KAKE 

NUKBES 

380 

acetaaide,  2,4,5-trichlorophenoxy- 

12898 

acetic  acid,  2-Bethyl-r-chlcrophenoxy-,2,4- 
dichlort'pheno>^-  etf^vl  ester 

4474 

acetic  acid,  2,4-dichloro-5-fluorophenoxy- 
n-butj^l  ester 

12901 

-C-propionic  acid,  2,4-dichlorophenoxy-,2,4- 
dichlorophenoxy  ethyl  ester 

4501 

acetaaide ,  2-fluoro-4, 6-dichlorophenoxy- 

12902 

•G-propionic  acid,  2,4, 5-trichlorophenoxy-, 

4505 

acetaaide,  2,4-dinitro-6-fluorophenoxy- 

2,4~dichlC'rA-phencxy  ethyl  ester 

4513 

acetic  acid,  2,4-dichloro-5-nitropheno3cy- 

12906 

JC- asparagine ,  N-/.-  (2,4, 0-trichltrcphenoxy- 
/^-prnpl'inyl')- 

4587 

acetic  acid,  2-chloro-4-fluorophenoxj'- 
aayl  ester 

12961 

s-triaiine ,  2-chlor o-4 , 6-bis ( diethylaeine)- 

4588 

acetic  acid,  2-clilQro-4-fluorophenoxy- 
2-chloroethyl  ester 

12965 

propionic  acid,  2,2,3-trichloro-,  sodium  salt 

12976 

benzoic  acid,  2,3,5,fi-tetrachl''ro- 

4589 

acetic  acid,  2-chloro-4-fluorophenoxy-2- 
{2-hydroxyethaxy)* ,  ethyl  ester 

13033 

propionic  acid,  3-broao-2-bronciethyl  ester 

4590 

acetic  acid,  2-chloro-4-fluoropheno3(y-tetra 

13146 

benzene,  1, 2,3,5- tetranethexy- 

hydrofurfuryl  ester 

13865 

1-naphthol,  2,4-dinitro- 

4599 

acetic  acid,  2,4-dichloro-5-flucs*ophenoxy-n- 
propyl  ester 

14141 

quinoliniu*  iodide,  l-methyl- 

4604 

acetic  acid,  2,3,6-trichlorophenyl 

14154 

pseudourea,  2-decyl-2-tMo- ,  hyd*  iodide 

10542 

thioeyanic  acid,  4-hydro3(y-3-tolyl  ester 

14160 

pseudourea,  1, 3-die  thj*l-2-te’radecyl-2-thio-, 
hydriodido 

10544 

thiocyanic  acid,  3-ethyl-4-hydroxyphenyl 
ester 

14434 

phenol,  2-cyclchexyi-4,6-dinitro- 

12542 

phenol,  2-fluoro-4,6-dinitro- 

14803 

1,2,4-triasole,  3-acetalaieino- 

12640 

phenol,  2,6-dinitro-4-fluoro- 

14814 

pentachlorophenol,  1,2,4-aminotriazole  salt 

12642 

phenol,  2,4-dinitro-5-fluoro- 

60076 

perdikeflin 

12645 

xanthate,  sodium  ethyl- 

50548 

pyrocatechdl,  4  (Ci  -chlcTO- 

12897 

acetic  acid,  2,4-dlchloropheBoxy-,2,4-dichloro- 
phencxy  ethyl  ester 
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TABLE  II.  COMPOUNDS  ACTIVE  IN  PRIMAKV  SCREENING  TESTS  CAUSING  20  PER  CENT 
OR  MORE  DESICCATION  BUT  LESS  THAN  20  PER  CENT  DEFOLIATION 


•rsDnic  icid,  £-hydrax}i>henyl- 

benroic  »citi,  2-hydroxy-5-aaino- 

s-2,:<'-dihenzrfurna-i(2H),  2’(.t'H).iif>ns, 
tetrachlor.i- 

»cet»*lde,  2,4-‘illchloro-f-flu'.ri'i  henoxy- 

acetic  acid,  2,4-iiichlorc<-5-flui'r£'(  hcr.' xj’-,  bpta- 
chloroethyl  estfr 

anthranilie  aci  i,  4-xodi>- 

ber.zoic  acil,  d-brt:KCi-2,6— lichloro- 

berutoic  acid,  3,6-dibro«o-2-chlorci- 

benicic  acid,  2,d,4,f-telrachlwo- 

acetic  acid,  2-chlcro-4-fluor<:<phi!-naxy-, 
fr  ryl  ester 

phenol,  2-teri -butyl-4, 6-dinitrc- 
phsnel,  2-fluoro-4-niiro- 
arsir.e,  tri-p-tolvl- 
bcnzen* ,  1,2, 4-trichlcrc-3 , t-dinl tro- 
carbanillc  acid,  «t-ehloro-,  2-propynyl  ester 
Z-a»paragine ,  >f-  4l-  ( 2  jd-dichlorophenoxjr-X- 
.l -asparagine  ,  N-t-f2,4,5-trichloraphenoxy-ii- 
-l*/-leucine,  S-(2,4-'ii.:Kl0rcipher.o*y-/Tprcpiortyl)- 
X-alanine,  !i-(2,4-dichlorophenc.xy-JG-proplonyl)“ 
^.-••thjonine  N-(2,-4-di  thlorophenoxy-^rpropionyl)- 

i- threonine,  K-(2,4-dlchloropheno*y-<-proplon)rl)- 

Wnioic  acid  K-C2,4-dlehlocopheno*y-4i-projiicnyl)- 

salicylic  acid,  K-{2,4,6-trichlorophenoajracefyl)- 
p-a*ino 

VC-prcplnnic  acid,  2,4-dichloropheno)CV-,  hyironopyl 
ester 

acetic  acid,  4-chloropheno)cy-,  hyironopyl  ester 
acetic  acid,  2,4,5-trlchlorophenoxy-,  2-hy- trojty-S- 


acetic  acid,  2,4,5-trichleropheno*y-,  2-hydro)(y-3- 
hexanoic  acid,  2-chloroethyl  ester 
phthalic  anhydride,  3,6-endoaohexahydro- 


pentachlorophenol,  sodiua  salt,  Bonohydratt 
chalcone,  .C-broeto 


ajiaoniuB  iodide,  f6-hydroxythyByl)-tri«ethyl- 

pyrisddine,  l-butyl-2-hendecyl-l,4, 5,6-tetrahydro- 

pseudourea,  2-decyl-l,3-diethyl-2-thio,  hydrobroaido 

psuedourea ,  2-dodecyl-l, 3-die thy 1-2- thio, 
hydrobroBide 

pseudourea,  2-dodecyl-l ,3-diethyl-2-thio- , 
hydriodide 

couBarilamide,  l>’,K-diethyl- 

quinoline,  8-nitro- 

phepol,  2-chlori>-4,t-dinitro- 

aniline,  2-chloro-4-Bitro- 

ftbrifugine ,  dihydrochloride- 

phenol,  2-aByl-4  (?)-chloro- 

benzene,  l-fluoro-3-chloro-4,f-dinitro- 

benzenc,  l,3-difluoro-4,6-dinitro- 

benzene,  l-fluoro-3-broieo-4,6-dinitro- 

1,2,4-trizaole,  3-f alley lideneaaino- 

phoephinic  acid,  bis  (2-etbvlhexyl)-,  ethyl  ester 

phoephinic  ecid,  2,5-dibroaophenyl-,  diethyl  ester 

1-dodecanol,  2-iiethylajuno-l-phenylhydroehloride 

6,9-tetradecsneiiajatne,  K'N'K'N',  2,2,4,11,13-13- 
decaacthyl- 

s-triszli>e,  l,3,5-tridodecylhcxah)oirc- 

n-cresol ,  <.-diiee  thylai«lBO-4-  (1,1,3 ,3-t e  traethyl- 
butyll- 
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3.  Secondary  Screening 

a.  Miscellaneous  Coii?)ounds 

Thirty- tvo  compounds  vere  selected  from  the  89  sho>ring  activity 
in  primary  screening  tests.  Four  hundred  and  sixty-four  milligrams  of  each 
chemical  were  dissolved  in  ten  milliliters  of  a  suitable  solvent.  Sprays 
were  applied  at  ten  pounds  per  acre  over  test  plants  arranged  in  an  area  of 
one-half  square  yard.  Seven  woody  species  were  treated:  TJlmus  chinensis 
(Chinese  elm),  Ligustrum  amurense  (Amur  River  south  privet) ,  Robinia  Pseudo- 
Acacia  (black  locust) ,  !Prunus  Lauroceraceous  ( laurel- cherry) ,  t^inus  sylves- 
trls  (Scotch  pine),  Tsuga  canadensis  (Canadian  hemlock),  and  Picea  abies 
(Morway  spruce).  Nine  of  the  ^2  compounds  tested,  (Table  III)  caused  more 
than  50  per  cent  defoliation  and/or  injury  on  at  least  three  species. 


TABLE  III.  COMPOUNDS  JN  {iECONDARY  SCREENING  TESTS  ACTIVE  AS  DEFOLIANTS 

AND  DESICCANTS 


NUMBBl 


NAME 


380 

10542 

10544 

12542 

12640 

12642 

12645 

12965 

50076 


acetamide,  2,4,5-trichlorophenoxy- 
thiocyanic  acid,  4-hydroxy-3-tolyl  estt* 
thiocyanic  acid,  3-ethyl-r-hydroxyphenyl  ester 
phenol,  2-fluoro-4,6-dinitro- 
phcnol,  2,6-dinitro-4-fluoro- 
phenol,  2,4-dinitro-5-fluaro- 
xanthate,  sodium  ethyl- 

propionic  acid,  2,2,3-trichloro-,  sodium  salt 
perdikeflin 


b»  Phosphinic  Amides 

Nine  phosphinic  amides  received  from  the  Shell  Developed  nt  Com¬ 
pany  were  dissolved  in  Deobase  oil  or  ethyl  cellosolve  and  were  sprayed  on 
three  plant  species.  Desiccation  results  given  in  Table  IV  were  coifNured 
with  results  caused  by  P,  P-dibutyl-N,  N-diisopropyl-phosphinic  aadde.  Prac¬ 
tically  no  defoliation  occurred  on  plants  in  any  of  the  treatments. 


fABLE  IT.  MISICCANT  ACTITITY  OF  PHOSPHINIC  AKIDES  ON  HERBACEOUS  AND  WOODY  PLANTS  FIVE  DAYS 

AFTES  TREATKENT 
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c.  Organic  Phosphates 

Eight  organic  phosphates  related  to  tributyl  phosphate  (12063) 
were  dissolved  in  Deobase  oil,  water,  or  ethyl  cellosolve  and  sprayed  on 
beans,  elm,  and  privet  at  1.2,  2.5,  5.0,  and  10.0  pounds  per  acre.  The  com¬ 
pounds  used  were:  triethyl  phosphate,  triphenyl  phosphate,  tricresyl  phos¬ 
phate,  tri-m-tolyl  phosphate,  tri-o-tolyl  phosphate,  phenyl  disodiura  phos¬ 
phate,  di  decyl  phosphate,  and  didodecyl  phosphate. 

None  of  the  compounds  approached  the  desiccation  activity  of 
tributyl  phosphate. 

d.  Oil-Soluble  Surfactants 

Eleven  oil-soluble  surfactants  were  sprayed  at  concentrations 
of  1.5  and  8  per  cent  on  beans  and  privet.  The  chemi.cals  used  were:  Etho- 
meen  5/20,  Ethoroeen  T/15,  Blendene,  Armeen  2C,  Mulson  SCN,  Duponal,  AUca- 
terge  A,  Alkaterge  C,  Alkaterge  E,  Triton  GR7,  and  Triton  X-45. 

Surfactants  Armeen  2C,  Ethomeen  T/15,  Triton  GR7,  and  Triton 
X-45  severely  injured  bean  plants  but  only  Ethomeen  T/15  caused  significant 
damage  to  privet. 

e.  Solvent  Oils 

Sixteen  solvent  oils  were  sprayed  on  plaints  to  test  for  desic¬ 
cant  activity.  Results  of  this  test  are  given  in  Table  V. 

f.  Butynediol-Type  Conpounds 

Coiq)ounds  closely  related  to  2-butyne-l,3'diol  were  sprayed  on 
Pereskia,  locust,  privet,  philedendrcn,  and  elm,  (woody  species  in  the  green¬ 
house)  to  determine  defoliant  activity.  Five  milliliters  of  2.5,  10,  and  40 
per  cent  aqueous  solutions  of  each  of  the  following  chemicals  were  sprayed 
on  groups  of  these  species  placed  in  an  area  of  one-third  square  yard: 


2 , 4-Hexadiyne-l , 6-diol 
3-He]Qrne-2 , 5-diol,  2 , 5-dimethyl- 

3- Hexyne«>2 , 5-diol ,  2 , 5-diphenyl- 

4- 0ctyne-3 , 6-diol ,  3 , 8-diisopr  opyl-2 , 7-dime  thyl- 

8- Hexade  cy  ne-7 ,10-diol,7pl0-dii!ie  thyl- 

9- 0ctadecyne-8 , 11-diol, 8 , 11-dimethyl- 
4-0ctyne-3 , 6-di ol , 3 , 6-dimethyl 
2-Butyne-l,4-diol 


Defoliation  in  this  experiment  was  comparatively  low,  even  for 
butynediol.  Only  or*e  chemical,  2, 4-hexadiyne-l, 6-diol,  showed  activity 
which  approached  that  of  butynediol.  This  experiment  should  be  repeated  for 
more  conclusive  results. 
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TABLE  V.  DESICCANT  ACTIVITY  OF  SOLVENT  OILS  AFTER  SPRAYIN&  ON  HERBACEOUS 

AND  WOODY  SPECIES 


SOLVENT  OIL  PER  CENT  INJURY  TWO  DAYS  AFTER  TREATINC 


iUO  Ib/acre 

Bean 

Privet  _ 

Elm 

Abu  CO  Solvent  HcC 

95 

70 

TO 

Abu  CO  Solvent  A80 

50 

5 

5 

Amsco  Ink  Oil  10-550 

0 

0 

0 

Amsco  Solvent  RT 

95 

5 

75 

Skellysolve 

'  0 

0 

0 

Richs  ol 

60 

2 

2 

Velsicol-AR60 

100 

50 

5 

Socony-Vacuum  Sovacide  544B 

98 

50 

90 

Socony-VacuuB  Agronyl  B 

30 

5 

0 

W9308  Shell  Aronutic  Solvent  54 

100 

15 

90 

W8310  Shell  Solvent  TS-28 

65 

0 

0 

Esso  Heavy  AroBiatic  Naphtha  Fornula  132 

98 

3 

2 

Varsol 

65 

0 

0 

Sohio  Insecticide  Base  Oil  30 

0 

0 

0 

Sohio  Insecticide  Base  Oil  130 

15 

0 

0 

Shell  Dispersol 

0 

0 

0 

Two  of  the  solvent  oils  csusod  severe  injtiry  (Aasco  Solvent  HCC  end  Socon^ 
Vacutia  Sovacide  544B)j  four  caused  moderate  injury;  six  caused  slight  in¬ 
jury;  and  four  were  inactive  (Aasco  Ink  Oil  10-550,  Skellysolve,  Sohio  In¬ 
secticide  Base  Oil  30,  and  Shell  Dispersol). 
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B.  CONCENTSATION-KANGE  TESTS 

1.  Desiccants 

Butyl  dibutyl  phosphinate  (BDP) ,  dibutyl  butyl  phoaphinate  (DBF) ,  and 
ammoniuiE  sulfamate  were  tested  at  eleven  concentrations  ranging  from  0,04  to 
80  pounds  per  acre  on  seven  woody  plants.  Both  phosphorus  materials  induced 
rapid  and  similar  desiccation  at  five  to  eighty  pounds  per  acrej  responses 
were  simil2ur  to  those  induced  ty  sprays  with  tributyl  phosphate.  The  least 
responsive  plamt  to  treatments  with  phosphorus  congjounds  was  philodendron 
(representing  some  tropical  vegetation),  and  the  most  responsive  were  elm 
and  locust.  Ammonium  sulfamate  caused  severe  desiccation  at  the  highest 
rate  and  then  only  on  five  of  the  seven  woody  plants. 

2.  Defoliants 

Five  plant  species  were  sprayed  with  butyl  phosphor otrithioite 
(14796),  formulated  diphenyl  chlorothiophosphate  (B-1613) ,  and  ammonium 
thiocyanate  at  0.15  to  40  pounds  per  acre.  The  above  chemicals,  listed  in 
order  of  decreasing  ability  to  induce  defoliation,  were  moderately  to  high¬ 
ly  active  on  at  least  one  species  at  forty  pounds  per  acre.  However,  the 
most  active  chemical,  magnesium  chlorate,  sprayed  at  0,15  to  20  poun^  per 
acre  defoliated  50  to  95  per  cent  of  all  species  at  10  and  20  pounds  per 
acre . 


Ammonium  thiocyanate  caused  moderate  to  seveye  desiccation  on  all 
plants  within  one  day.  However,  this  action  was  relatively  slow  in  compari¬ 
son  to  that  of  tributyl  phosphate,  BDP,  DBF,  and  pentachlorophenol. 


C.  DROPLET  AND  COVDIAGE  STUDIES  WITH  DEFOLIANTS 
1.  Translocation  from  Droplet  J4>plication» 

A  test  was  devised  to  determine  if  defoliants  were  translocated  with¬ 
in  plants  by  applying  0,005-ailliliter  droplets  from  a  calibrated  volumetric 
micro-pipette  (ACUF)  to  leaves,  petioles,  and  stems  of  plants. 

In  the  first  series  of  tests  3,6-endoxohexahydro-phathalie  add 
(Endothal)  was  applied  to  Black  Valentine  bean  plants  at  34  different  com¬ 
binations  of  application  points  imrolring  petioles^  pulvini,  primmry  leaves, 
and  trifoliate  leaves.  Concentrations  used  per  application  point  were  0.3 
milligram  of  formulated  Endcthal  and  five  micrograms  of  pure  Intothai  dis¬ 
solved  in  an  aqueous  solution  containing  0,05  per  cent  Tween  20.  When  drop¬ 
lets  were  applied  (a)  to  the  mid-points  of  petioles,  the  leaf  blades  de- 
foliated!  (b)  to  stems,  the  stems  were  ia^jured  and  soiat  of  the  leaf  blades 
defoliated  above  the  point  of  application;  (c)  to  leaflets  or  prinaiy 
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leaves,  only  those  leaflets  or  primary  leaves  defoliated.  The  defolia¬ 
tion  activity  of  Endothal  appeared  to  be  exerted  terminal  to  the  point  of 
application;  in  no  instances  vere  there  indications  of  downward  movement 
of  the  compound  through  stems  or  out  of  leaves  or  petioles  into  stems. 

In  a  second  series  cf  treatments,  0,005-milliliter  droplets  of  com¬ 
mercial  formulations  of  Endothal,  butynediol  (NP1098) ,  and  sodium  chlorate 
CShed-a-leaf )  were  applied  to  leaf  axils  (involving  petiole  base,  axillary 
bud,  and  adjacent  stem)  of  elm,  privet,  and  locust  trees.  When  leaf  axils 
on  lower  portions  of  branches  were  treated,  adjacent  leaf  blades  and  all 
leaves  terminal  to  the  point  of  application  were  injured  by  all  three  chemi¬ 
cals,  but  Endothal  and  butynediol  subsequently  defoliated  the  terminal 
leaves.  When  leaf  zocils  on  the  terming  portions  of  branches  were  treated, 
the  lower,  untreated  parts  were  not  ai'fected.  When  droplets  were  applied 
to  leaf  blades,  just  the  leaves  that  were  treated  defoliated  regardless  of 
the  position  on  the  branch. 

Results  of  this  series  of  treatments  confirmed  the  previous  results. 
Defoliants  are  translocated  only  upward  in  stems  and  move  from  leaves  into 
the  stem  and  upper  foliage. 

2.  Location  and  Number  of  Droplets  on  Leaves 

Droplets  of  three  chemicals  were  placed  on  primary  leaves  of  bean 
plants  to  determine  the  number  amd  location  of  droplets  required  to  induce 
defoliation  (Table  VI). 

TABLE  VI.  DEFOLIATION  OF  PRIMARY  LEAVES  OF  BUCK  VALENTINE' 

BEANS  BY  CHEMICALS 


TREATMENT 

PER  CENT  DBF01X4TI0N 

0,002  ml/droplet 

10 

Days  Treatmut 

14 

Drops 

Location  on  Leaf 

Endothal 

Butynediol  Tributyl  Phosphate 

3 

Random  . 

0 

0 

0 

3 

Near  Basafi/ 

0 

0 

0 

5 

Random 

0 

5 

40 

5 

Near  Base 

0 

5 

40 

10 

Random 

25 

30 

100 

10 

Near  Base 

100 

30 

- 

20 

Random 

100 

70 

100 

30 

MimOK 

100 

100 

m 

a,  Dropiatt  plaoad  an  leaf  blade  in  an  are  one-half  inch  from  baia« 
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Diameters  of  Endothal  droplets  were  me^»ured  on  leaves  and  30  droplets 
covered  approximately  1,3  per  cent  of  the  area  of  an  average  mature  pri¬ 
mary  leaf, 

CoB!?)lete  defoliation  occurred  only  in  treatments  where  ten  or  more 
droplets  were  used;  translocation  of  three  to  five  droplets,  even  when 
placed  proximally  on  the  leaf,  was  not  sufficient  to  induce  defoliation, 
liapid,  severe  injury  occxtrred  on  ail  leaves  treated  with  tributyl  phosphate, 

3.  Coverage  Hequired  Per  Leaf 

Butynediol  (full  strength  formulated  NP  1098)  was  applied  to  vari¬ 
ous  sectors  of  leaves  on  young  elm  trees  to  determine  the  type  and  coverage 
required  to  defoliate  the  leaf.  Droplets  of  0.005  milliliter  were  applied 
to  leaves  and  smeared  over  the  selected  areas  with  a  glass  rod.  Ten  leaves 
on  each  of  ten  plants  were  treated  similarly.  Defoliation  responses  re¬ 
corded  10  days  after  treatment  are  given  in  Table  VII. 


TABLE  VH,  EFFECT  OF  AREA  COVESIAGE  UPON  DEFOLIATION  OF  ELM  LEAVES  TREATED 

WITH  DROPLETS  OF  BUTYNEDIOL 


AREA  TREATED 

PER  CENT  DEFOLIATION 

Proximal  Half 

100 

Distal  Half 

30 

Proximal  Qiiarter 

60 

Distal  Quarter 

0 

Lateral  Quarter 

50 

Along  Midvein 

30 

Distal  Lateral  Quarter 

10 

Proximal  Lateral  Quarter 

60 

Center  (Droplet) 

40 

Entire  Leaf 

100 

Subsequent  tests  were  conducted  on  Black  Valentine  bean  leaves  by 
applying  several  rates  of  Endothal  and  butynediol  to  the  saaio  areas  as  those 
listed  in  Table  VII.  The  results  were  essentially  the  same  as  thoee  ob¬ 
tained  in  the  first  experlMnt. 
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4.  Application  to  Upper  Versus  Lower  Leaf  Surface 

Sprays  of  butynediol  on  either  the  upper  or  lower  leaf  surfaces  of 
six  species  were  conpared  for  effficiency  in  defoliating  these  species.  Six- 
milliliters  of  35  per  cent  formulated  butynediol  at  full-,  half-,  or  quarter- 
strength  were  sprayed  on  plants  placed  in  an  area  of  two-thirds  square  yard. 
Results  given  in  Table  VHr  indicate  that,  in  general,  butynediol  is  dis-  ^ 
tinctly  more  effective  when  applied  to  the  lower  leaf  surfaces  of  the  spec* 
ies  treated. 


TABLE  Vm.  PLANTS  DEFOLIATED  BY  SPRAYING  LEAVES  WITH  BUTYNEDIOL 


LEAF 

SURFACE 

BUTYNB- 

DIOL, 

Per  cent 

PER  CB^T  DEFOLIATION 

Pereskia  Pomegranate 

film 

Locust 

Oak 

Privet 

Upper 

100 

36 

33 

45 

95 

50 

15 

50 

40 

5 

15 

90 

0 

20 

25 

23 

15 

3 

90 

0 

10 

Lower 

100 

52 

95 

70 

90 

13 

90 

50 

40 

80 

99 

85 

40 

95 

25 

3 

90 

70 

90 

18 

25 

The  conclusions  of  the  above  experiwnt  have  been  substantiated  by 
experiments  reported  by  IT.  A.  Brun  and  H.  J.  Cruzado  from  the  Federal  Ex¬ 
periment  Station  in  Puerto  Pico.  The  two  chemicals,  butynediol  and  Shed- 
a-leaf  (Formulation  of  18.2  per  cent  sodium  chlorate  and  10.0  per  cent  so¬ 
dium  pentaborate)  were  distinctly  more  effective  when  applied  to  the  lower 
leaf  surfaces  versus  applications  to  the  upper  leaf  surfaces.  Stomates  of 
the  species  tz*eated  were  located  on  lover  surfaces  of  leaves  only  and  were 
open  at  the  time  of  treatment.  These  xwsults  indicated  that  the  defoliants 
entered  the  leaves  most  effectively  through  stMatal  (^nings.  Therefore, 
the  effectiveness  of  a  defoliant  say  decrease  if  applied  under  dry  condi¬ 
tions  or  at  times  when  the  stomates  are  closed. 

5.  Effect  of  Droplet  Slxe 

Droplets  of  butynediol  (35  per  cent  CMwercial  formulation)  were 
sprayed  oa  individual  Pereskia  plants  (greenhouse-gnsm)  at  0.5  milliliter 
pw  oon-third  sfmnre  yard  with  a  droplet  sizer  apparatus  developed  at  Fort 
Detricfc:. 


lig^  to  twenty-foui*  hours  aftar  treatant,  droplats  ■aaauring  100 
end  500  mlcroaa  in  dianster  caused  95  and  50  per  cent  defoliation,  re- 
spactivalyi  droplats  nsaaurin^  1,000  aicrons  In  dlaonter  induced  mininal 
d^olimtioiu 
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D.  FIELD  STUDIES  WITH  DEFOLIANTS 
1„  Stage- of -Development  Test 

Four  voody  species,  Quercus  castanea  (chestnut  oak),  Hamgjtnelis  vir- 
giniana  (witch-hazel) ,  A^r  rubrum  (red  maple) ,  and  Betxxla  lenta  (sweet 
birch)  were  sprziyed  with  one-fourth-,  and  one-eighth-strength  formu¬ 

lations  of  Endothal,  butynediol,  and  soditun  chlorate.  One  to  three  milli¬ 
liters  of  solution  were  sprayed  over  branch  areas  of  approximately  one  square 
yard  when  leaves  of  the  plants  were  approximately  haLLf  expanded  and  at  two 
succeeding  weekly  intervals. 

At  the  earliest  stage,  Endothal  caused  practically  no  defoliation, 
but  butynediol  and  sodium  chlorate  defoliated  chestnut  oak  and  sweet  birch 
trees,  respectively.  Sprays,  especially  butynediol,  applied  diu*ing  the  fol¬ 
lowing  two  weeks  resulted  in  good  to  excellent  defoliation  of  all  species; 
however,  the  rate  of  defoliation  was  slow.  The  trees  did  not  defoliate  un¬ 
til  14  days  after  they  were  sprayed. 

2.  Species  Test 

The  following  defoliants  were  sprayed  on  31  different  species  of 
woody  plants  at  Fort  Ritchie  and  fort  Detrick,  Maryland: 


Number 


Name 


1626  3,6-endoxchexahydrophthalic  acid  (Endothal) 

-  Sodium  chlorate  (Shed-a-leaf ) 

13539  P,P-dibutyl-N,N-diisqpropyl-phosphinic  amide 

14580  bis  (ethylxanthogen)  trisulfidc 

-  Tributyl  phosphorotrithioite  (Folex) 

12959  2-butyne-l,4-diol 

-  Magnesium  chlorate 


Chemicals  were  applied  at  full-,  half-,  and  quarter-strength  with  the  ex¬ 
ception  of  magnesium  chlorate  which  was  made  as  a  fully  saturated  solu¬ 
tion  in  water  (56,5  grams  per  100  milliliters),  and  then  diluted  half-  and 
quarter- strength.  Bis  (ethylxanthogen)  trisulfide  was  temiMirarily  emulsi¬ 
fied  in  water  only  with  the  addition  of  0.5  milliliter  Tween  20,  and  liquid 
soap,  respectirely,  per  150  milliliters  of  solution.  A  batteiy-powered 
sprayer  equipped  with  a  Derilbiss  No.  275  nozxle  disseminated  chemicals  at 
one  milliliter  per  square  foot  over  branches  selected  within  an  area  of  one 
to  three  feet.  The  ai’eas  were  sprayed  from  25  July  through  15  August  1957. 
Progress  of  defoliation  was  observed  4,  5,  6,  7,  and  15  days  after  treat¬ 
ment.  Results  are  given  in  Table  IX. 
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TABLE  IX.  DEFOLUTION  OF  WOODY  SPECIES  AFTER  SPRAYINS  WITH  CHEMICALS 


NBMBBl  OF  DAYS  FMt  75  PER  CENT  DgOLIATIOM 


SPECIES 

~nr- 

1626 

Folex 

13539 

Butyne- 

diol 

liaClOa 

MgClOg 

CD 

14580 

Acar  rubrua  (Sad  Mapla) 

6 

6 

9-15 

6 

-£/ 

- 

- 

Acar  saccharinoa  (Silvar  haole) 

Alnus  sp.  (Aaerican  Alder )_/  , 

Aaorpha  fruticosa  (False  indigo)£/ 

4 

4 

5 

- 

5 

7 

8 

■HKI 

- 

9-15 

- 

4 

- 

- 

- 

— “ 

4 

5 

5 

6 

7 

6 

5 

Benzoin  atistivala  (Spicabush) 

Betula  lenta  (Sweet  Birch)£/ 

7 

4 

7 

5 

6 

6 

5 

7 

9-15 

9-15 

7 

6 

Carya  sp.  (Hickory)-/ 

9-15 

9-15 

9-15 

«. 

9-15 

- 

Castanea  dentate  (Aaerican  Chestnut) 

7 

“ 

9-15 

7 

7 

- 

- 

Celtis  occidentalis  (Hackberry)  . 

6 

7 

7 

5 

7 

7 

- 

Cornus  Florida  (White  Flowering  Dogwood)^/ 

- 

7 

9-15 

9-15 

9-15 

- 

- 

- ol- 

Corylus  aaericana  (Filbert  or  Hazelnut) 

9-15 

5 

7 

7 

S 

5 

9-15 

• 

f 

Fraxinus  sp,  (Ash) 

9-15 

9-16 

- 

8 

9-15 

9-15 

- 

=131- 

Haaaaelis  virginiana  (Witch-hazel)—/ 

- 

- 

9-15 

5 

- 

- 

- 

Liriodendron  tuliperifera  (Tulip  Tree) 

6 

6 

8 

- 

6 

- 

9-15 

Kalus  (Apple  Seedling) 

6 

6 

• 

7 

» 

• 

- 

Morus  alba  (White  aulberry) 

4 

4 

7 

5 

7 

- 

8 

Nyssa  sylvatica  (Black  Gua) 

6 

7 

6 

5 

- 

- 

- 

Prunus  serotina  (Black  Cherry )£/ 

4 

4 

4 

4 

4 

5 

4 

Pyrus  (Pear-Seedling)^ 

4 

- 

- 

- 

• 

- 

• 

Quercus  alba  (White  Oak)—/  .  , 

Quercus  saihlenbergii  (Chestnut  Oak)-' 

Quercus  velutina  (Black  Oak)^ 

9-15 

- 

- 

9-15 

8 

• 

9-15 

9-15 

- 

7 

9-15 

- 

- 

9-15 

B-15 

• 

- 

9-15 

9-15 

• 

thus  sp.  (Suaach)  . 

Eobinia  Pseudo-Acacia  (Black  L.ccuat)'^' 

9-15 

• 

6 

7 

9-15 

7 

• 

4 

4 

4 

4 

4 

4 

5 

-  Eosa  sp.  (Eose) 

4 

4 

8 

4 

- 

9-15 

4 

Salix  sp„  (Willow) 

4 

5 

• 

4 

a. 

- 

- 

Sanbucus  canadensis  (Aaerican  Cdcr) 
Sassafras  albidua  (Sassafras )£/ 

5 

8 

9-15 

• 

6 

6 

• 

8 

9-15 

9-15 

8 

- 

9-15 

- 

Tilia  aswricana  (Aaerican  Linden).^/ 

4 

7 

6 

4 

7 

6 

5 

Ulaus  fttlra  (Slippery  Ela) 

4 

4 

- 

4 

4 

4 

4 

— 

ViburnuB  dentatua  (Arrow-wood  Yiburnua) 

S 

- 

4 

- 

4 

4 

- 

— 

Average  Days  to  Defoliate 

7.3 

8.1 

8.8 

6.  0 

8.5 

9.2 

7.2 

■Md 

Total  Species  Defoliated 

27 

26 

22 

22 

20 

19 

12 

a.  More  than  15  daya, 

b.  ^ciaa  *>81  difficult  to  dafoliata, 

c.  Sptciei  aost  aasily  dafoliatad. 
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"Heather  conditions  for  one  month  previous  to  the  test  and  during  the 
testing  period  were  unusually  dry.  No  rain  fell  during  the  experiment  and 
many  plants  were  in  a  semi -wilted  condition  when  they  were  sprayed. 

All  con^jounds,  with  the  exception  of  bis  (ethylxanthogen)  trisul¬ 
fide,  defoliated  more  than  half  the  species  tested.  Endothal  sprays  de¬ 
foliated  the  greatest  number,  but  butynediol  defoliated  species  more  rapidly; 
an  average  of  six  days  was  recorded.  Butynediol,  Shed-a-leaf ,  and  Folex 
formulations  sprayed  at  50  and  100  per  cent  concentrations  defoliated  50  per 
cent  more  species  than  when  sprayed  at  the  25  per  cent  concentration.  The 
three  rates  of  Endothal,  magnesium  chlorate,  and  bis  (ethylxanthogen)  tri¬ 
sulfide  sprayed  on  species  were  not  signiiicantly  different  in  general  ef¬ 
fectiveness. 

Species  most  difficult  to  defoliate  and  most  easily  defoliated  are 
given  in  Table  IX.  However,  at  least  one  chemical  caused  defoliation  in 
less  than  15  days  of  all  of  the  above  species  with  the  exception  of  black 
oak  and  hickory.  On  species  with  coT!?)0\md  leaves,  for  example,  false  indigo, 
black  locust,  and  rose,  Endothal  generally  defoliated  the  entire  leaf, 
whereas  butynediol  defoliated  leaflets  first,  followed  by  rachises  and  pet¬ 
ioles  sometime  later, 

3,  Sprays  on  Entire  Trees 

During  26  to  30  August  1957,  at  both  Fort  Detrick  and  Fort  Uchie, 
trees  and  shrubs  which  were  well  developed  and  isolated  somewhat  from  the 
surrounding  vegetation  were  sprayed  with  chemicals.  Eight  species  each 
were  sprayed  with  butynediol  and  Endothal,  seven  with  Folex,  and  one  with 
magnesium  chlorate.  Chemicals  and  concentrations  were  selected  on  the  basii 
of  the  resiilts  obtained  from  the  field  species  tests.  Section  II,  D,  2. 

From  the  grouxul  or  a  six-foot  stepladder  (if  trees  were  over  12  feet 
high)  very  small  droplets  of  agent  were  sprayed  at  100  milliliters  per 
minute  from  a  fire-gallon  Hudson  "Xpert"  sprayer  equipped  with  a  six-foot 
spray  rod  extension  and  a  Tee-jet  noxzle  automatically  regulated  at  50 
pounds  per  square  inch  (psi) .  Good  coverage  was  obtained  without  run-off 
except  for  seven  plants  that  were  again  treated  8  to  13  days  later.  Esti¬ 
mates  of  per  cent  defoliation  were  made  daily  for  the  first  13  days  after 
treatment,  then  later  during  a  period  between  18  and  23  days  after  treatment. 
Results  are  given  in  Table  X  and  are  illustrated  in  Figures  1  through  7, 

As  in  the  field  species  test,  butynediol  defoliated  the  most 
rapidly,  followed  by  Endothal  and  Folex.  All  plants  defoUated  75  per  cent 
or  more  within  three  weeks  except  wild  black  cherry,  white  malberry,  hickoty 
and  white  oak.  The  latter,  sprayed  with  imgnesium  chlorate,  defoliated 
only  five  per  cent  in  three  weeia. 
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Figure  3*  SwEEt  Birch  BeroRe  jwo  Aeier  Sprmihg  with 
BumEOfCL*  C  FD  Weg$  C-32i'  w^t*C“3211D 
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33 


E.  CONTROLLED  ENVIRONMENTAL  STUDY  ¥ITH  BUTmEDIOL 

A  controlled  environmental  study  was  initiated  in  October  1957  to  de- 
terjttine  the  influence  of  tea4)erature  and  humidity  upon  the  effectiveness  of 
butynediol.  These  tests  were  conducted  because  results  of  similar  or  iden¬ 
tical  field  tests  varied  at  different  times  of  the  year  or  under  different 
meteorological  conditions. 

The  following  species  were  used  in  the  experiment: 


Species 

Height , 

Number  Per  Treatment 

Acacia 

feet 

1.0 

5 

Dioapyros  (Persimmon) 

0.75 

3 

Hibiscus 

2.0 

6 

Ligustrum  (Privet) 

0.75 

6 

Moms  (Mulberry) 

1.5 

6 

Pomegranate 

1.5 

12 

Prunus  laurocerasus 
(Cherry-Laurel) 

1.0 

6 

Quercus  (Oak) 

0.75 

6 

Robinia  (Locust) 

1.0 

6 

tlaius  (Elm) 

1.0 

6 

Prior  to  the  eiq)eriment  the  plants  were  grown  at  sufficiently  low  tem¬ 
peratures  so  that  active  growth  was  retarded  and  all  loaves  were  mature. 

The  plants  were  placed  in  the  environmental  chaad)ers  seven  days  before 
treatment  with  butynediol  to  acclimate  them. 

All  troated  plants  and  the  controls  were  e^qMsed  to  a  IS-hour  day  by 
artificially  illuminating  a  chamber  with  a  bank  of  12  six-foot  fluorescent 
tubes  (100-watt  daylight)  placed  2.5  feet  above  the  plants. 

The  treated  plants  were  sprayed  for  four  hours  with  46.1  idlliliters 
fomnlated  butynediol  per  square  yard.  The  high  rate  was  necessary  to  ob¬ 
tain  coaplete  aiid  uniform  coverage  of  all  leaves.  Untreated  plants  ware 
left  in  the  environmental  cha^Mrs  to  determine  the  effect  of  the  ei^ 
vironaent  per  se. 

Estimates  cf  defoliation  were  recorded  24,  35,  48,  59,  72,  83,  96,  lOf, 
144,  179,  and  227  hours  after  spraying.  The  plants  were  ratfd  in  descend¬ 
ing  order  of  reaction,  lesuita  of  tlie  temperatmre-haaidity  combinations 
are  given  in  Table  U.  It  was  is|>ossible  to  analyse  conclusively  all  the 
effects  of  tsiytrature,  humidity,  and  their  interactions;  however,  in 
genersl,  the  coiiiinatiofi  of  a  continuous  moderste  tespersture  and  high  hu¬ 
midity  induced  the  fastest  rate  of  defoliation  and  a  continuous  low  tsn- 
perature  and  high  humidity  cauaed  the  least  smount  of  defoliation,  lefore 
a  valid  interpretation  of  effects  of  tesperature,  relative  humidity,  aaid 
their  interactions  is  possible,  the  species  in  this  experlneiit  shhtld  be 
grouped  according  to  similar  defoliation  responses  (fable  HI). 
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TABLE  XII.  GEOMETRIC  MEAN  TIME  (HOURS)  TO  OBTAIN  50  PER  CENT  DEFOLIATION 

OF  PLANTS  SPRAYED  WITH  2-BUTYNE-l, 4-DIOL 


L«8s  Resistant 

Hours  to  SO  Per  Cent  Defoliation 

Privet 

29,2 

Acecia 

34.4 

Locust 

37.5 

Persimmon 

40.7 

Pomegranate 

61.7 

Mora  Resistant 

j  Hibiscus 

1 

93.1 

1 

Mulberry 

1 

105.4 

1 

Elm 

109.7 

Cherry  Laurol 

145.3 

Oak 

173.6 
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F.  FOSMUUTIQN  STUDIES 

1.  Desiccant  Combinations 

The  following  desiccants,  surfactants,  and  a  solvent  oil  combined 
with  Deobase  and  tributyl  phosphate  were  tested  on  bean  and  privet  plants  ? 
Shell  Formulation  1369,  and  formulated  dinitro-o-sec-butylphenol  (desic¬ 
cants);  Triton  GR~7  and  Triton  X-45  (surfactants);  and  dibutoxy  tetraglyccl 
(solvent  oil).  Solutions  containing  20,  40,  100,  and  200  milligrams  of 
chemical  were  made  with  four  mlliliters  of  a  2.5  per  cent  solution  of 
tributyl  phosphate  in  Deobase.  The  solution  of  Shell  Formulation  1369 
and  tributyl  phosphate  was  most  effective  in  causing  desiccation.  Mix¬ 
tures  containing  dinitro-o-sec-butylphenol  caused  severe  injui^  but  sub¬ 
sequent  drying  was  very  slow. 

2.  2-Butyne-l,  4-diol  Formulations 

Five  to  20  per  cent  dextrose  or  0.02  to  20  per  cent  ammonium  sul- 
famate,  ammonium  nitrate,  urea  and  0.02  per  cent  ammonium  phosphate  added 
to  butynediol  did  not  improve  its  effectiveness  in  defoliating  woody  species. 

Cellosolve  used  as  a  solvent  for  20  per  cent  butynediol  or  five  per 
cent  Sndothal  was  superior  to  a  water  formulation  when  sprayed  on  Pereskia. 
However,  when  a  surfactant,  Tween  20,  was  added  to  each  of  the  formulations, 
greater  defoliation  resulted  and  the  difference  in  the  effectiveness  of  the 
formulations  was  no  longer  evident. 

3.  Formulations  of  Aminotriazole  and  2,4-D  Amide  with  Defoliants 

Combinations  of  3-amino-l, 2, 4- triazole  end  2,4-dichlorophenoxy- 
acetamide  with  butynediol ,  3,6-endoxohexahydrcphthalic  acid  (bidothal), 
and  sodium  chlorate  were  tested  on  beans  and  four  wood^’^  plants  at  three 
application  races.  The  results  indicated  that  (a)  the  additional  aeino- 
triazole  and  2,4-D  acetamide  somewhat  reduced  the  defoliant  properties 
of  butynediol  and  sodium  chlorate;  (b)  2,4-D  azdde  combined  with  Indothal 
induced  much  greater  defoliation  of  privet  than  Sndothal  alone,  (99  per 
cent  vs  10  per  cent);  (c)  combinations  of  aminotriazole  and  2,4-D  amide 
with  the  defoliants  appeared  to  prevent  most  of  the  regrowth  which  ordi¬ 
narily  follows  rapid  defoliation. 

4.  Sffect  of  Tween  20  in  Combination  with  Defoliants 

Fndothal  solutions  with  and  without  Tween  20  were  sprayed  on  bena 
plants  to  detersine  the  offset  of  the  addition  of  the  snrfsctsat*  Amlothsl. 
dissolvsd  in  water,  etbyl  aleohol,  sad  ethyl  cellosolve  sad  suffieiont 
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Tireen  20  to  make  a  0.5  per  cent  Tween  concentration  caused  severe  injury 
and  narked  defoliation  of  Black  Valentine  bean  plants  (75  to  100  per  cent), 
Without  the  surfactant  nild  to  moderate  injury  occurred  (O  to  50  per  cent 
defoliation) . 

In  another  experiment  with  Endothal  dissolved  in  water,  the  effect 
of  the  concentration  of  the  surfactant  was  investigated.  Insignificant 
differences  between  defoliation  results  were  noted  for  surfactant  concen¬ 
trations  ranging  from  0.005  to  0,5  per  cent. 


G.  VEGETATION  CONTfiOL  STUDIES 
1.  Secondary  Screening 

Dormant  hibiscus,  privet,  elm,,  locust,  and  oak  trees  were  brought 
into  a  greenhouse  and  with  pereskia  and  bean  plants  were  sprayed  wiih  full-, 
half-,  and  quarter- strength  concentrations  of  the  following  materials: 


benzoic  acid  formulation  103A 
benzoic  acid  formulation  177 
Dow  pentachlorophenol  formulation  M562  JT895-3 
Formulation  of  2,4-D  in  tributyl  phosphate  (VH) 


Two  milliliters  of  1250,  2500,  and  5000  parts  per  million  of  2, 

4-D  acetami.de  and  2,4, 5-T  acetamide  were  sprayed  cn  test  plants  placed  in 
an  area  of  one-third  square  yard, 

Tne  oenzoic  acid  treatments  caused  severe  malformation  of  subse- 
qumnt  shoot  growth,  but  did  not  substantially  suppress  bud  sprouting.  2, 
4.D  amide  and  2,4,  S-T  amide  slowed  bud  sprouting  and  shoot  growth,  and 
caused  some  malformation  of  leaves.  Pentachlorophenol  induced  bud  sprout¬ 
ing  and  apparently  normal  shoot  growth  at  a  much  faster  rate  than  in  the 
untreated  plants.  Five  weeks  after  treatment,  all  woody  plants  with  tiie 
exception  of  elm  that  were  sprayed  with  full- strength  VKL  were  still  ap¬ 
parently  dormant!  most  plants  were  still  alive  and  some  were  developing 
proliferated  stem  tissue*  Elm  sprouts  in  this  trsatnsnt  wers  fewer  and  de- 
vsloped  mors  slowly  than  ths  controls  . 

2*  VKL-Typa  fonmiletioiis 

A  sececd  vsfetmtiem  control  tsst  was  carried  out  with  12  to  25  per 
emmt  nites  ef  ayimetriisele  (AtA),  2,4>.D,  2,4,S*T  and  2,4*dii^ioro«S* 
flmcre  ihiminyneetie  scid,  inch  coifeimed  with  fuil-itrenftti  tributyl  pho«- 
plMite  dibmiyi  butyl  fliesflwite  (DiP>|  amd  butyl  dibutyl  phciptiste 
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(BDP),  Doraant  and  sprouted  trees  and  shrubs  were  sprayed  with  six  ailli- 
liters  of  solution  per  two-thirds  square  yard.  Twelve  to  eighteen  milli¬ 
liters  of  spray  solution  were  used  when  compounds  had  to  be  applied  sepa¬ 
rately  because  of  solubility  factors.  Results  of  this  test  are  given  in 
Table  XIII. 

Treatments  containing  TBP,  DBP,  or  BDP  caused  rapid  killing  of 
leaves  and  shoots  on  the  sprouted  plants.  The  combination  of  2,4-dichloro- 
5-fluorophenoxyacetic  acid  with  TBP,  DBP,  or  BDP  appears  to  be  most  effec¬ 
tive  in  killing  vegetation.  The  phenoxj'  conpounds  alone  caused  slow  death 
of  leaves  and  shoots  of  sprouted  plants  and  were  not  more  effective  than 
the  desiccants  TBP,  DBP,  and  BDP  except  that  in  "nost  instances  phenoxy  com¬ 
pounds  prevented  new  growth  and  the  desiccants  did  not,  Aminotriazole 
r'»used  severe  chlorosis  and  a  temporary  cessation  of  growth,  but  most  plants 
resumad  growth  prior  to  the  nine-week  observation  time.  Elm  and  privet 
were  the  most  easily  killed  witii  these  coiipounds  and  hibiscus  was  the  most 
resistant, 

3,  Field  Test  with  YKL-Type  Compounds 

Three  and  fifteen-hundredths  pounds  of  chemicals  per  gallon  of  tri¬ 
butyl  phosphate  were  sprayed  on  dormant  vegetation  during  the  first  part  of 
April  1957,  One  to  three  milliliters  of  fhe  compounds  were  sprayed  on  areas 
of  branches  one  to  three  square  feet.  Results  are  tabulated  below: 


Tributyl  phosphate 


Tributyl  phosphate  / 

4  -  fluorophenoxyacetic  acid 
(1661) 
or 

-  methoxy-4-fluorophenyl  acetic 
acid  ^4547) 


Tributyl  i^osphate  / 

2. 4- *dichl  oro-5-f  luorophenoxyacet  ic 
acid  (10778) 

or 

3 . 5- di chi  oro-2-pyridoxyacet ic  acid 
(14213) 

or 

2,4.dichiorophenexyaeetic  acid 


Suppressed  bud  growth  on  7 
of  the  9  species  treated,  , 


Increased  effectiveness  to 
8  out  of  9  species. 


Prevented  bud  development  of  ^ 
all  species  tasted. 


TAIU  mi .  miNT  OF  TKETATION  CONTROL  OBTAINED  WITH  MIXTURES  OF  CONTACT 
AMD  STSTBaC  HEKBICIDGS  SPRJiYED  OH  ¥0(HHr  PLANTS 
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4.  Field  Tests  with  Benzoic  Acids 

Donaant  branches  of  six  species  were  sprayed  with  benzoic  acid  fcr- 
Bulations  177  and  103A  either  during  late  fall  1956  or  early  spring  1957. 
Marked  suppression  of  growth  of  the  treated  branches  resulted.  Later,  snail 
domant  trees  of  black  cherry  and  tulip  were  thoroughly  sprayed  with  the  ben¬ 
zoic  acid  formulations.  At  first,  bud  development  and  growth  were  greatly 
suppressed,  but  following  the  development  of  several  severely  malformed 
leaves,  new  growth  appeared  normal.  The  plants  responded  to  both  benzoic 
acid  formulations  essentiallj'^  in  the  same  manner. 

5.  Field  Test  of  Phenoxy  Compounds 

Trees  sprayed  during  the  sumser  of  1956  with  solutions  of  5,  60, 

500,  and  1000  parts  per  millicn  of  2,4-D,  2,4-D  amide,  2,4,5»T,  2,4, 5-T 
amide,  and  2,4  dichloro-5-flucrophenoxyacetic  acid  were  examined  in  the 
spring  of  1957  for  residual  effects.  One-  to  three  milliliter  aiwunts  of 
the  chemicals  had  been  sprayed  on  branch  areas  of  one  to  three  square 
feet.  In  all  cases  where  the  branches  were  not  killed,  no  unusual  or 
malfomied  growth  developed.  Sprays  with  the  butyl  esters  of  2,4-D  and 
2, 4, 5-T  killed  moat  of  the  treated  branch* 
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III,  DEFOLIATION  AND  DESICCATION  STUDIES  WIIH  CONIFERS 


A.  GSEEJaiOUSE  AND  CONTSOL  ROOM  TESTS 

Greenhouse  and  conlrol-room  tests  on  the  defoliation  awl  desiccation 
of  conifers  were  initiated  in  1957  on  Tsu^a  canadensis  (Canadian  hemlock), 
Picea  abies  (Norway  spruce),  and  Pinus  sylvestris  (Scotch  pine).  These 
plants  were  grown  individually  in  quarter-gallon  glazed  pots  in  the  green¬ 
house, 

1,  Primary  Screening 

Primary  screeiiing  of  compounds  was  conducted  initially  on  spruce 
and  hemlock  and  later  on  pine.  Compounds  were  selected  on  the  basis  of 
activity  determined  by  tests  on  broad-leaf  species,  those  suggested  by 
literature  reviews,  and  those  thought  to  be  potentially  active  because  of 
their  structural  formulae. 

Compounds  used  in  the  greenhouse  test  and  their  defoliation  and 
desiccation  activity  are  shown  in  Table  XIV 

2,  Control-Room  Tests 

An  experiment  was  conducted  to  study  the  effects  of  variations  in 
light  intensity,  t«aperature,  and  relative  humidity  upon  conifer  defolia¬ 
tion,  Tsuga  canadensis  (Canadian  hemlock),  Pinus  sylvestris  (Scotch  pine) 
and  Pic^  abies  (Norway  spruce)  were  sprayed  with  s^ium  2, 3, 6-trichloro- 
benxoic  acid  and  tributyl  phosphate  at  30  pounds  per  acre.  Injury  and  de¬ 
foliation  were  auch  greater  under  conditions  of  high  temperature,  90^F, 
than  at  medium  or  low  temperatures,  72®  and  650F,  respectively.  Slight  to 
no  effect  resulted  from  high  or  low  light  intensity  or  humidity.  The  ma¬ 
jority  of  plants  so  treated  and  exposed  to  high  temperature  died  within 
two  to  three  weeks}  plants  treated  with  tributylphosphate  survived.  Injury 
caused  by  2, 3, 6-trichlorobenzoic  acid  developed  more  slowly  than  that 
caused  by  tributyl  phosphate,  but  the  injury  was  more  severe. 


B.  FIELD  TESTS 

In  1957  field  tests  on  conifers  were  conducted  to  determine  (a)  the  re¬ 
lative  effectiveness  of  several  chemicals,  (b)  the  effect  of  seasonal 
changes  upon  plant  response,  and  (c)  the  response  '.nf  different  conifer  spe¬ 
cies  to  the  same  or  similar  chemicals. 

In  April  and  single  trandiee  of  Cmnmdiac  temlock  were  Ihorougttly 
sprayed  (without  run-of fTj  in  i«guet  and  Ociobt  Mall  treee  were  sprayed  at 
10  millilitmrt  per  one-hslf  square  yard,  A  batter.i'-operated  sprayer  e- 
quij^ed  with  a.Devilbiss  No,  275  notsle  was  ueed  during  the  experiments, 
CMi|»unds  and  formulations  tested  and  the  results  from  this  experiment  are 
given  in  fsble  1^. 
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TABLE  XIV.  DEFOLIATION  AND  DESICCATION  OF  CONIFERS  BY  SPRAYING 

WITH  COilPOUNDS 


COMPOUNDS 


2.4- Dichlorophenoxyacetic  acid 
2,4,  S-Triclorojrfienoxyacetic  acid 
2,  3,  5,  6-Tetrachlorobenzoic  acid*,/ 

2,3,  6-Trichlorobenzoic  acid  plus  isomers^ 

/  18  Other  halogenated  benzoic  acids^ 

Sod.ixun  salt  of  2,3, 6-trichlorobenzoic  acid  plus  isomers  . 

Active  polychlorofaenzoic  acids,  2  Ib/gallon  (ACP  103  formulation)*/ 
Active  polydilorobanioic  acids,  2  Ib/rallon  (ACP  177  formulation)*/ 
3, 6-Endoxohexahydrophthalic  acid,  6.3^  formulation  (Endothal) 

2- Butyne~l,  6-diol  (35Jt  formulation,  aqueous) 

P,  P-dibutyl-N,  N-diisopropylphosphinic  amide 

(2  Ib/gallon  Shell  formulation  1369) 

Sodium  chlorate  and  sodium  pentaborate  (18,2  and  10,0^  respectively) 
(Shed«a-leaf  formulation) 

Bis(ethylxanthogen)  trisulfide 

i25%f  Phillips  66  cotton  defoliant  713D) 

Pentachloro  phenol 

(4  Ib/gallon  fomulation-Golden  Harvest  M562  Jt  895-3) 

2.4- D  in  tribtttyl  phosphate  formulation  (VKL) 

Butyldibutyl  phosf^onate 

Tributyl  phosphate*/ 

Tributyl  phosphorotrithioite 
Ammonium  phosphate 
Ammonium  sulfate 
Ammonium  thiocyanate 
Ammonium  sulfaeate 
Potassium  nitrate 

3- amiQo>l,  2 , 4-triasol  e 

Estmra  of  2,3,5-triuxonobeBsoic  acid 
Eitmrs  of  2,3,5-iriiodobensoic  acid 
Isopropgrl  mater  of  4-fluerol>e&toie  acid 
Sodium  malt  of  4-fltaorobensoic  acid 


«t  Coafwuadm  shoving  ttim  liigiNimt  •omlfmr  difmlimtimm  amd  doaiiCAtimm 
b,  Lmia  active  cnqimiadla  lliiim  3y3,8|i>illA  mad  2|3f0«TiA 


TiBLE  XY.  DEFOLIATION  OF  CANADIAN  HBMIU)CK  SSYEN  DATS  AFTER  SFEATINO 

WITH  CHEMICALS 

Figures  Represent  Per  Cent  Defolimtion 
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COMPOUNDS  AND  FOSMUUTIONS 

dates  treated 

11  Apr 

24  Msy 

2  Aug 

15  6ct 

2,3,6-trichlorobenzoic  acid^ 

22 

50 

70 

0 

Tributyl  phosphate 

22 

looy 

95 

100^ 

Diesel  Oil 

0 

0 

0 

0 

2-butyne-l,4-diol  formulation 
(35  per  cent  active) 

0 

0 

5 

0 

3,6-endoxohexahydrophthalic  acid 
foraulation  (Endothal)£^ 

0 

0 

5 

0 

Polychlon^nzoic  acid  foraulation 
(ACP-M-103-A)S' 

0 

40 

60 

0 

Polychlorobensoic  acid  foraulation 
(ACP-M-177) 

0 

40 

40 

0 

s.  20  per  cent  in  ethyl  alcohol  and  0.5  per  cent  Tween  20. 

b.  Mature  needles  only. 

c.  Sprayed  as  a  50  per  cent  solution  in  ethyl  alcohol. 


Fifty-four  days  after  the  treataent  of  24  May,  all  compounds  except  En- 
dothal  and  diesel  oil  had  caused  90  to  100  per  cent  defoliation.  Healock 
coapletely  defoliated  ware  readily  after  spring  growth  had  aaturAd.  The 
increase  in  actirity  of  aost  cheaicals  in  the  2  August  treataent  is  attrib¬ 
uted  to  the  higher  aidaient  temperature.  This  suggestion  is  supported  by 
the  results  of  the  control-rooa  experiaents. 

In  a  second  test,  single  branches  of  red  pine  were  treated  on  2  May, 

10  June,  10  July,  30  August,  and  22  October  with  the  ssmi  igroap  of  cheai¬ 
cals  used  Ml  healock  in  the  first  test.  Tributyl  phosphate  and  the  ben- 
loie  acid  ustarials  caused  greater  injury  than  butynudieli  feiAethal,  or 
diesel  oil.  The  greataat  anount  ef  lajery  uH  treatueats  eucismid 
duriai  the  wamsr  ucatha.  la  cciamrisoa  with  heulodk,  red  pine  was  uach 
acre  resiatsat  to  ctwtcally  induced  defaliatiea.  Two  weeks  after 
iatr  a  few  per  eent  ef  the  nuedles  had  alMNCissed. 
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In  a  third  teat,  scrub  pine  trees  three  to  four  feet  high  irere  sprayed 
with  sodium  2,3,6-trichlorobenzoic;  acid,  Phillips  713D,  ACP-M-103-A,  and 
formulated  pentachlorophenol  at  10  and  30  pounds  per  acre.  The  chemicals 
were  dissolred  in  10  nlllllitera  of  ethyl  alcohol  with  sufficient  Tween  20 
added  to  make  a  0.5  per  cent  Tween  concentration.  Pentachlorophenol, 
sprayed  at  30  pounds  per  acre,  was  the  only  chemical  in  th^s  experin^t 
that  caused  significant  defoliation;  both  young  and  mature  needles  de¬ 
foliated,  Sodium  2,3,6-trichlorobensoic  acid  and  ACP-M-103-A  (benzoic 
acid  BHiterials)  caiised  the  greatest  amount  of  injury,  but  they  did  not 
induce  defoliation. 
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IV.  DISCUSSION  AND  CONCLUSIONS 


A.  DEFOLIANTS  OF  WOODY  SPECIES 
1.  Deciduous  Plants 

Data  collected  from  visual  observations  indicate  "that  the  six  best 
defoliants  for  deciduous  plants  in  order  of  preference  are;  2-butyne-l, 
4-diol  (butynediol);  tributyl  phosphorotrithioite  (Folex);  3, 6-endoxohexa- 
hydroptithalic  acid  (Endothal)j  sodium  chlorate  (Shed-a-leaf );  P,  P-dibutyl- 
N,  N-diisopropylphosphinic  /amide,  and  magnesium  chlorate. 

On  the  basis  of  two  years'  work,  butynediol  defoliated  the  greatest 
number  of  species  in  the  shortest  time.  It  caused  reasonably  good  defclia- 
tion  on  all  plants  treated  at  almost  any  time  trees  were  in  leaf.  However, 
it  is  apparently  less  effective  during  dry  conditions.  Whether  this  de¬ 
crease  in  effectiveness  is  due  to  low  humidity,  a  decrease  in  entry  ef¬ 
ficiency  because  of  closed  stomates,  or  a  combination  of  these  factors  has 
not  been  determined. 

Tributyl  phosphorotrithioite  (Folex)  caused  defoliation  of  approxi¬ 
mately  the  same  number  of  species  as  butynediol  but  the  response  was  slower, 
Ihe  branches  of  some  species  were  killed  when  sprayed  with  Folex, 

The  results  obtained  in  1957  with  Endothal  were  superior  to  those 
obtained  in  1956,  The  increased  activity  is  attributed  to  the  higher  tem¬ 
peratures  during  'd;e  1957  test. 

Sodium  chlorate  performed  equally  well  in  1956  and  1957  with  little 
disunge  in  the  amount  of  defoliation  or  *^0  number  of  species  defoliated. 
Treatments  with  sodium  chlorate  are  usually  associated  with  considerable  in¬ 
jury  to  leaf  tissue.  In  some  instances  the  excessive  injury  apipeered  to  re¬ 
duce  abscission.  The  effects  of  sagnesium  chlorate  were  essentially  ^e 
sasM  as  those  induced  by  sodium  chlorate.  However,  magnesium  chlorate  de¬ 
foliated  fewer  species. 

Many  plant  species  were  defoliated  by  treatments  with  P,  P-dibutyl- 
N,  K-diisopropylphosphinic  amide,  but  since  the  rate  of  defoliation  was  so 
slow,  this  compound  was  rated  next  to  last.  There  is  a  possibility  that 
the  leaves  abseissed  more  as  a  reealt  of  the  p'lysieal  injury  eaaaed  by  the 
ccM^und  than  as  a  direct  result  of  the  chemical  treatMnt* 

Species  were  defoliated  mor^  rapidly  and  in  greatar  numbers  by  ap¬ 
plying  dafoliants  (a)  in  coabination  with  surfactants^  and  (b)  in  amnll 
droplata  100  microns  in  dlnaatar  to  andar  surfaces  of  leaves* 

Consideimbla  effort  was  mmda  to  detoraine  the  effects  of  mviron* 
sent  i^oa  eheodsaXly  in<hfc«d  defoliatieii.  In  general^  tinder  controlled  day 
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length  the  rate  and  aaount  of  defoliation  of  treated  plants  (a)  increased 
under  conditions  of  continuous  moderate  temperature  and  a  high  contiimous 
humidity,-  and  (b)  decreased  under  conditions  of  continuous  lov  temperature 
and  continuous  hi^  humidity. 

Defoliants  are  translocated  only  upward  in  stems  and  move  from 
leaves  into  the  stems  and  upper  foliage. 

2.  Conifers 

Halogenated  benzoic  acids,  pentachlorophenol,  and  tributyl  phos- 
I^ate  were  the  most  effective  defoliants  on  the  conifer  species  tested, 
Canadian  hemlock  is  an  excellent  test  plant  for  defoliation  experiments  be¬ 
cause  of  its  comparatively  rapid,  sensitive  response  to  defoliant  chemicals. 
Hovever,  results  obtained  from  hemlock  screening  tests  are  only  preliminary 
and  do  not  necessarily  apply  to  conifers  in  general. 


B.  DESICCANTS 

The  following  compounds  rate  highest  in  desiccant  activity:  tributyl 
phosphate,  butyl  dibutyl  phosphonic  acid,  dibutyl  butyl  phosphinic  acid, 
and  P,  P-dibutyl  butyl-N,  N-diisop:~  -vl  phosphinic  amide. 

All  of  the  compoxinds  have  a  common  property,  a  butyl-phosphorus  linkage. 
Kesults  of  experiments  with  organic  phosphates  indicate  that  the  butyl-phos¬ 
phorus  linkage  may  be  the  only  combination  that  causes  severe,  rapid  desic¬ 
cant  activity.  However,  an  experiment  wi^  phosphinic  aiaides  similar  to  P, 
P-dibutyl-N,  N-di isopropyl  phosphinic  amide  indicated  that  the  butyl  group 
may  not  necessarily  be  the  enly  alkyl  group  to  is^art  high  activity  to  this 
series  of  compounds.  Unfortunately,  all  compounds  in  the  test  have  a  high 
level  of  activity  and  it  was  not  possible  to  obtain  significant  differences 
between  co^wunds.  Phosphinic  amides  were  not  re-evaluated  on  a  wide  number 
of  species  for  desiccant  activity. 


C,  VEGETATION  CONTROL 

Mixtures  of  phenoxy-typc  coiqxmnds  with  desiccants  such  as  tribotyl 
phosphate  show  definite  pnsmlse  in  attaining  rapid,  reasonably  permanent 
vegetation  control*  A  eembiaation  of  t,4-diehlero-5-floorophenOxyacetio 
acid  and  tributyl  phosphate  is  partiemlarly  effective* 
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EDGEWOOD  CHEMICAL  BIOLOGICAL  CENTER 
5183  BLACKHAWK  ROAD 
ABERDEEN  PROVING  GROUND,  MD  21010-5424 


RDCB-DPC-RS 


0  3  MAR  m 


MEMORANDUM,3^iRU  Edgewood  Chemical  Biological  Center,  Technical  Director, 
(RDCB-D/Mjv'^^nand),  5183  Blackhawk  Road,  Aberdeen  Proving  Ground,  MD  21010-5424 


FOR  RDECOM  Office  of  Chief  Counsel  (AMSRD-CC/Mr.  Brian  May),  5183  Blackhawk  Road, 
APG,MD  21010-5424 


SUBJECT:  RDECOM  Freedom  of  Information  (FOIA)  Request 


1.  References: 

a.  Army  Regulation  380-86,  Classification  of  Former  Chemical  Warfare  and  Biological 
Defense,  and  Nuclear,  Biological,  and  Chemical  Contamination  Survivability  Information,  dated 
22Jun05. 

b.  Army  Regulation  25-55,  The  Department  of  the  Army  Freedom  of  Information  Act 
Program,  dated  1  Nov  97. 

2.  The  request  &om  RDECOM  asks  for  release  of  the  following  three  documents  pertaining  to 
agent  orange.  ECBC  subject  matter  experts  have  recommended  allowing  public  release  for  these 
documents. 

a.  Technical  Memorandum  46,  Field  Screening  of  Desiccants  and  Defoliants,  Kenneth  D. 
Demaree,  April  1964. 

b.  Proceedings  of  the  First  Defoliation  Conference,  29-30  July  1963,  published  January 

1964. 

c.  Technical  Report  BWL  16,  Defoliation  and  Desiccation,  Preston,  W.H.,  Downing 
C.R.,  and  Hess,  C.E.,  July  1959. 

3.  The  ECBC  point  of  contact  is  the  undersigned  at  410-436-7232  or  iune.sellers@.us.armv.mil. 


Concur  with  ECBC's  recommendation. 

BRIAN  A.  MAY 

FOIA  Officer,  HQ  RDECOM 

MAY.BRIAN.A  MAY.BRIAN.A.1037481463 

DN:  c=US,  o=U.S.  Government, 
/I  O  *1  yt  ^  ^  ou=DoD,  ou=PKI,  ou=USA, 

U  J  I  cn=MAY.BRIAN.A.1037481463 

Date:  2011.03.03  1 5:38:08 -OS’OO 


JUNEK.  SELLERS 
ECBC  Security  Manager 
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